nent scores were negatively associated with age and strongly positively with higher education, whereas the association with sex was less consistent. Conclusions: The results suggest that the COGTEL can readily be administered to large study populations and produces plausible and informative results. Education should be considered in all investigations using this instrument and requires further in-depth analyses. Future studies will need to elucidate its associations with risk factors and its prognostic potential for cognitive decline and dementia.
Introduction
The decline in cognitive function in higher age, both within and beyond the limits of normal aging, presents one of the most important current challenges for health care systems and aging societies. Individuals in the grey zone between physiological age-related changes in cognitive function and dementia are not only at elevated risk of progressing to full-blown dementia, but may also experience higher mortality [1] . Elucidating predictive factors enabling early detection or even opening up avenues for preventive measures would be of considerable interest. The accumulating evidence for correlations between classical cardiovascular risk factors and cognitive disorders is of particular relevance in this regard [2] .
Whereas very large epidemiological studies of cardiovascular diseases and risk factors are fairly common nowadays, a major obstacle for extending such studies to address cognitive function lies in the necessity for resource-intensive face-to-face administration of established instruments. Telephone instruments have been developed as an alternative, but assessments of their performance have mostly been restricted so far to study samples of limited size [3, 4] . Most existing instruments, for example the Telephone Interview for Cognitive Status and its modifications [5] , have a focus on studying the lower end of cognitive functioning, as discussed in detail elsewhere [4] . However, in the study of determinants of cognitive functioning, telephone instruments allowing a fine-scale resolution across the range of both physiological and pathological variability of cognitive function, rather than just a screening for likely dementia [4] , could potentially help to overcome the problem of small sample sizes identified by others as a key limitation responsible for contradictory results in this important field, in which relationships found in observational studies have frequently not been confirmed by the results of corresponding replication or intervention studies [6] . For example, observational epidemiological studies appeared to support a protective role of certain nutrients with respect to cognitive functioning, but randomized trials overall found no effect of nutrition-related interventions, quite possibly due to sample size limitations. Furthermore, statistical power may be poor if dementia incidence is used as an outcome in studies not designed for this purpose [6] , and a -statistically more informative -continuous measure of cognitive functioning should be advantageous in such settings.
The evaluation of screening instruments for mild cognitive impairment and dementia has been identified as an important subject for further research [7] . Thus, the present article reports on the performance and large-scale application of a telephone interview for the assessment of cognitive functioning in epidemiological studies. This instrument had been designed specifically to cover a broad range of cognitive domains with appropriate resolution across the full range of adult functioning [4] .
Methods

Study Population and Design
Participants of this study were a subcohort of the ESTHER study, a prospective cohort study of the elderly population in the state of Saarland in the south-west of Germany [8, 9] . In brief, 9,953 subjects aged 50-74 years were recruited from July 2000 to December 2002 by their general practitioners, to whom they presented for health screening visits. To maximize generalizability to the general elderly population, no exclusion criteria were applied except for insufficient knowledge of the German language and unwillingness or inability to participate. Data were collected applying a standardized protocol and self-administered questionnaires covering health-related information and basic sociodemographics including sex, age and education.
For the cognitive telephone assessment, participants aged 6 65 years at baseline were approached during follow-up. As the present analysis was intended to describe the COGTEL (Cognitive Telephone Screening Instrument) properties across the range of the general elderly population, once again no exclusion criteria like prevalent diagnosis of psychiatric conditions were applied. The interviews were conducted in the context of the 5-year followup from May 2005 to July 2008. The study was approved by the ethics committee of the University of Heidelberg and the medical board of the State of Saarland. Both the participations in ESTHER and in the telephone interview substudy were conditional on written informed consent.
Cognitive Function Assessment
The COGTEL used has previously been described in detail [4] . In brief, COGTEL consists of 6 components covering prospective memory (0 or 1 point), verbal short-and long-term memory (0-8 points each), working memory (0-12 points), verbal fluency (0 to unlimited; as many words as the participant can name within a specified time) and inductive reasoning (0-8 points). The scores of the subtests can be analysed individually or combined into a weighted total score (7.2 ؒ prospective memory + 1.0 ؒ verbal short-term memory + 0.9 ؒ verbal long-term memory + 0.8 ؒ working memory + 0.2 ؒ verbal fluency + 1.7 ؒ inductive reasoning). The individual tasks are generally taken from well-established neuropsychological instruments, such as the Wechsler scales, and COGTEL version A was used in the present study [4] . The validity of phone-based versus in-person application of this instrument has been described elsewhere, along with the concurrent validity with other variables, such as age and cognitive ability measures [4] . The interviews were conducted by study personnel specifically trained in the application of the COGTEL.
Statistical Analysis
The study population was first described according to age, sex, education (highest school qualification achieved) and major prevalent chronic disease (history of stroke or transient ischaemic attack; depression; cancer). The distribution of COGTEL subcomponent and total scores was then examined in histograms, and by tabulation of the proportion of subjects successfully giving the required answer (prospective memory) or median and interquartile range, as well as mean and standard deviation, across sex and education. Education was classified according to the major categories of school qualifications in Germany, corresponding to For simple and multiple regression analyses, markedly nonnormally distributed scores were dichotomized ( 6 median versus ! median). These, along with the binary prospective memory subscore, were modelled using logistic regression analysis, whereas normally distributed subscores and the total score were modelled using linear regression analysis. For statistical testing, an alpha level of 5% was applied, and SAS 9.2 (SAS Institute, Cary, N.C., USA) was used throughout.
Results
A total of 1,952 telephone interviews were conducted. Of these, 102 (5.2%) were excluded for reasons such as premature termination of the interview, evidence for aid from another person and violation of inclusion criteria, whereas an additional 153 (7.8%) were excluded because the interviewer had noted that deafness was present at the time of assessment (exploratory analyses had shown a strong association of deafness with COGTEL results). The joint distribution of core characteristics of the study population of the 1,697 (86.9%) subjects ultimately eligible for analysis are shown in table 1 . Overall, 59% were female, and the mean age 8 standard deviation at interview was 74.0 8 2.8 years. The vast majority had completed only the lowest German school qualification, and men tended to have higher education. The subjects participating in the COGTEL study were very similar in age (mean at baseline: 68.7 years) and education (2.9, 71.0, 20.8, 5.4% from no to highest qualification) to those participants of the ESTHER source study who were similarly eligible but not included (69.0 years; 6.0, 74.3, 16.5, 3.2%), though these limited differences were clearly significant due to the rather large sample size (p age = 0.008; p education ! 0.0001).
The distribution of COGTEL total scores is shown in figure 1 . Their mean value was 27.1 8 8.7 points. Apart from the binary prospective memory subscore, especially the results for working memory and inductive reasoning deviated markedly from a normal distribution ( fig. 2 ) and were dichotomized for regression analyses.
The distribution of COGTEL total scores across covariables is presented in table 2 . In these analyses, there was no apparent sex difference. Test performance did not differ by cancer status. The performance appeared slightly lower in subjects with compared to those without a history of cerebrovascular disorders, but confidence intervals were strongly overlapping. The overlap was much less pronounced when differentiating by history of depression. A strong and monotonous increase in COGTEL scores was seen across increasing levels of school education. The corresponding regression analysis is presented in table 3 and revealed that male sex is significantly associated with lower total scores after adjustment for age and education. The age association was quantified as a decrease by half a point per year, and the enormous differences in scores by education were confirmed. Note that neither history of cerebrovascular disorders nor depression were significantly associated with COGTEL scores or changed the results to any relevant degree when adding them to the model in table 3 .
The regression analyses for the individual subscores are presented in tables 4 and 5 . Whereas age was associ- ; table 5 ) in all 6 subscores, the associations with sex were more heterogeneous. The monotonous and pronounced association with education was evident in all subscores, the highest level of education being associated with more than 8 points higher scores in verbal fluency, and with more than 21-fold increased odds of above median scores in inductive reasoning.
Discussion
The findings presented above support the COGTEL instrument for assessing cognitive functioning as an informative and convenient device in larger-scale epidemiological studies, yielding plausible results. Few interviews had to be excluded from analyses due to practical matters possibly avoidable in much more resource-intensive faceto-face settings. The COGTEL total scores closely followed a normal distribution with no sign of a ceiling effect, which is favourable from a statistical point of view. In regression models, education emerged as a strong predictor variable, its regression coefficients being equivalent to those for tens of age years.
Whereas the general distribution and the concordance of COGTEL scores obtained by phone versus in-person interviews have been reported previously [4] , the present study suggests that the administration of this instrument to large elderly study populations is a feasible undertaking. Importantly, the large number of study participants allowed us to examine the relationship between age and COGTEL more closely, despite the rather narrow age range. The earlier presentation of the instrument included a pronounced difference in score by age group, presenting a somewhat extreme contrast of subjects up to 37 or at least 59 years of age [4] . In the present study, we could describe statistically significant associations with continuous age for both the COGTEL total score and all its individual subscores. The findings also suggested that analysing the non-normally distributed subscores by appropriate statistical methods for categorical data yields consistent results.
The association of COGTEL scores with formal education was not surprising [10, 11] , though its extent appeared remarkable. According to our adjusted regression model ( table 3 ), the average difference between those with the highest versus no school qualification ( ␤ 13 years = 12.4) was equivalent to the average change associated with an about 30 years younger age [ ␤ age in years = -0.38; 12.4/ (-0.38) = -32.6; note that this is a strongly extrapolating and merely statistical consideration given the cross-sectional nature of our study]. Given the novel nature of the instrument used, comparability to published studies is somewhat limited. However, a study using a telephone instrument resembling the Mini Mental State Examination in the USA reported association coefficients of -4.8 for less than 8 versus 12-14 years of education, compared to -3.4 for subjects older than 89 versus 70-79 years [12] , suggesting a relative magnitude of educational versus age associations similar to our findings. Previous studies had suggested complex relationships of sex with cognitive domains, which might be related to hormonal differences or interactions with genetic determinants [13, 14] . The observation that pronounced associations with education levels might hide performance disparities between women and men (details not shown) is in line with a previous report from another region in Germany [15] , suggesting that this had not been an isolated, incidental finding and could be a rather generalizable phenomenon that should be considered in any similar study pertaining to these birth cohorts and carried out in these parts of Germany and possibly even in the wider European region.
These discussions of education become all the more exciting if one acknowledges that it might less be formal education per se that is causally related to COGTEL performance or cognitive functioning in our (elderly) study population; rather, formal education is likely to be a marker for later adult life cognitive activity, both in the professional and social context, which in turn might influence and maintain cognitive functioning. The indepth analysis of more detailed pertinent data in the present cohort, as well as their placement in relation to the relevant literature [16] [17] [18] , deserves comprehensive further investigation.
Some limitations of this study deserve discussion. When interpreting our results, it needs to be taken into account that the study population was a somewhat selected sample of the elderly general population, as recruitment took place during health screening visits to general practitioners. Although constitutory health insurance provides universal coverage for this examination, some self-selection at the level of examination attendance as well as consent to study participation was unavoidable. On the analytical side, the exclusion of subjects with substantial hearing problems is a double-edged sword: differences in COGTEL scores might be due to distorting differences in allocation of cognitive resources, as has been suggested, for example, for working memory tasks [19] , but genuine effects of deafness on cognitive function and decline would also be plausible and indeed are an exciting field of research [20] . Dealing with this problem by restricting the current analysis to subjects in whom no sign of deafness was present was reasonably conservative for our descriptive purposes, but future longitudinal assessments of the same cohort will hopefully allow a refined and more detailed approach to related study questions. For the purpose of this primarily descriptive study, we tried to maintain high generalizability by including subjects irrespective of comorbidities of any type. As demonstrated for 3 conditions associated with structural (cerebrovascular disorders), functional (depression) or no immediate changes (cancer) expected to lead to worse cognitive testing performance, the differences in scores according to the presence of such conditions appeared consistent with expectations but did not affect the results to any relevant degree. Detailed analyses of associations between such participant characteristics and COGTEL scores will require treatment in separate in-depth studies.
In conclusion, the present report supported the feasibility, plausibility and informativeness of COGTEL for the phone-based assessment of cognitive functioning in elderly community-dwelling adults in Germany. The instrument thus appears to be a valuable addition to the epidemiological toolbox in cognitive research. The beneficial statistical properties of scores obtained using COGTEL suggest that it will be very useful for detailed investigations of risk and protective factors of cognitive function and decline, though -similar to other instruments in this field -educational differences in performance need to be controlled for carefully. Future efforts, including ongoing prospective components of the study presented here, will be required to elucidate the prognostic value of COGTEL scores for incident mild cognitive impairment and dementia, which might reveal potential applications in the field of screening and early preventive interventions.
